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Purpose/Objective: Techniques in radiotherapy that account for the 
effects of motion of the target tissue, have gained increasing 
importance in both research and clinical practice. Validation of these 
techniques requires robotic phantoms, which represent structure, 
physical properties and motion of a human body environment and 
allow dose measurement. Such phantom was recently developed by 
our group. It allows generation respectively reproduction of previously 
recorded patient motion in all translational degrees of freedom with 
sub-millimeter precision while featuring a realistic structural design, 
which involves the relative motion of an inside tumour with respect to 
a static environment as well as an extensive modularization of tissue 
equivalent components and dosage measurement devices. The 
objective of this work is to evaluate the applicability of the novel 
robotic phantom in clinical practice of quality insurance of 
radiotherapy and assess the phantom’s potentials. 
Materials and Methods: A solid perplex sphere, encased by a layer of 
wood was used to resemble the tissues of the target of dose 
application and the surrounding lung. Radiochromic films, placed in 
five cutting planes of the sphere, were used for dose measurements. 
The sphere was attached to a flange moving in a water environment. 
Irradiation with different field forms was applied on the robotic 
phantom, first, with its actuators blocked, then, with concurrent 
playback of respiratory motion. Dose distributions measured and 
calculated by the treatment planning system (TPS) were compared. 
Results: Application of the phantom in both medical imaging and 
radiotherapy and obtained results have proven feasible. The 
construction turned out not to cause any noticable distortions, e.g. as 
a result of the robotic components of the phantom. In static case, 
measured and calculated dose distributions were compared with 
Gamma Index criteria (3mm/3%). All evaluated films agreed with the 
calculated dose distribution with an accordance above 99%. Dose 
distributions measured with the moving phantom showed typical dose 
blurring. The system components of the robotic phantom and test 
results are depicted in the figure. 
 
  
Conclusions: Suitability of the physical properties of the robotic 
phantom, applicability in clinical practice and capability of validation 
of the process chain of radiotherapy in the presence of motion with a 
realistic setup and test scenario were successfully proven. The new 
features of the robotic phantom, e.g. the uniquely high 
customizability of both motion and structure of the human body 
replication will allow the effects of motion to be comprehensively 
investigated and techniques of motion compensation to be improved 
in the future. 
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Purpose/Objective: The increasing complexity of radiotherapy (RT) 
has motivated research into three dimensional (3D) dosimetry. In this 
study we investigate the use of 3D dosimetry with polymerizing gels 
and optical computed tomography (optical CT) as a verification tool 
for complex RT: dose painting, and target tracking. 
Materials and Methods: For the dose painting studies, two dosimeters 
were irradiated with a 7-field intensity modulated radiotherapy (IMRT) 
plan with and without dose prescription based on a hypoxia image 
dataset of a head and neck patient. In the tracking experiments, two 
dosimeters were irradiated with a volumetric modulated arc therapy 
(VMAT) plan with and without clinically measured prostate motion and 
a third with both motion and target tracking. To assess the 
performance, 3D gamma analyses were performed between measured 
and calculated stationary dose distributions. 
Results: Gamma pass-rates of 95.3 % and 97.3 % (figure 1) were 
achieved for the standard and dose-painted IMRT plans. Gamma pass-
rates of 91.4 % and 54.4 % were obtained for the stationary and 
moving dosimeter, respectively, while tracking increased the pass-
rate for the moving dosimeter to 90.4 %. 
 
 
Conclusions: This study has shown that the 3D dosimetry system can 
reproduce and thus verify complex dose distributions, also when 
influenced by motion. 
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Purpose/Objective: In dose-guided radiotherapy, delivered fluence 
may be adapted based on the actual delivered patient dose in 
previous fractions, as derived from in-room acquired cone-beam CTs 
(CBCTs) and electronic portal images (EPIs).In our institute, EPIs are 
converted into absolute portal dose images (PDIs), and compared to 
PDI predictions to assess the actual delivered 2D fluence profiles. PDI 
predictions are based on segment shapes and MUs stored in the linac 
R&V system and the fraction CBCT. Estimated actual delivered 
fluences and the CBCT might then be used to reconstruct the 
delivered 3D patient dose in a fraction. In case of intra-fraction 
anatomy changes, the CBCT may not accurately represent the patient 
anatomy for all treatment beams, yielding inaccuracies in 
reconstructed patient dose. Here we will focus on the impact of intra-
fraction motion on the accuracy of estimated fluence profiles used in 
the patient dose reconstruction.  
Materials and Methods: For 50 prostate cancer patients treated with 
5-7 IMRT fields, CBCTs and EPIs were acquired in 4-5 fractions. PDIs 
derived from EPIs were compared to predictions based on the CBCT. 
To accurately predict beam transmission, Hounsfield units from the 
planning CT-scan were mapped onto the CBCT while accounting for 
the patient’s non-rigid anatomy, using our previously published 
algorithm. Predictions also accounted for treatment couch absorption, 
using our recently published couch model. As benchmark, measured 
and predicted PDIs were also compared for an anatomical phantom, 
irradiated with the plans of 10 patients. Gamma-analyses with 3% 
global dose difference and 3 mm distance to agreement as reference 
criteria were performed. Combination of fractions was evaluated to 
enhance the accuracy of estimated delivered fluence profiles.  
Results: For the phantom, the average percentage of rejected pixels 
in PDIs was 0.8±0.7% (1SD). For the 1413 evaluated patient fields this 
increased to 1.4 ± 2.8%. The increase could partially be attributed to 
intra-fraction anatomy changes. Due to these changes, the acquired 
CBCT was not fully representative for all fields. For some fractions 
this resulted in large differences between fields in agreement 
between measured and predicted PDI. Combination of the first 2 
fractions yielded results in close agreement with the phantom 
(average percentage of rejected pixels: 0.6 ±3.4%).The agreement 
